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cular mycorrhizal (AM) fungi and physico-chemical edaphic properties of some wheat growing
areas of the Bundelkhand region, Central India. Rhizospheric soil samples were collected every
month from December 2007 to May 2008 from four wheat growing sites around Jhansi (Bundelk-
hand region). AM fungal root colonization, sporulation and physico-chemical edaphic properties
during this period were determined and compared to evaluate the dynamics of response of wheat
towards the AMF along crop maturation. Maximum AMF root colonization recorded was
54.3% indicating that AMF, particularly in low phosphorus (P) soils, can be important even in case
of less responsive crop like wheat. In the two out of four sites studied, the AMF spore density
increased with the increase in soil temperature. Absence of this type of pattern in remaining two
sites indicated that site-speciﬁc environmental and agricultural conditions may affect the degree
of wheat response to AMF. It also suggested that AMF communities inhabiting agroecosystems
may exhibit considerable temporal sporulation patterns. The maximum AMF colonization was
observed during February–March 2008, whereas maximum AMF sporulation was noticed during91 9435006785; fax: +91
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248 V. Panwar et al.March–April 2008. Statistically signiﬁcant negative correlation of AMF spore density with pH,
organic carbon (OC) and available P was observed in the one of the sites studied. Overall assess-
ment of the data indicated that season and location signiﬁcantly affected the interaction of AM
fungi with winter wheat necessitating the further need to understand the ecology of AMF popula-
tions with reference to speciﬁc host species under different micro-climatic conditions of Bundelk-
hand region.
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Arbuscular mycorrhizal fungi (AMF) are a major component
of rhizosphere microﬂora in natural ecosystems, and play sig-
niﬁcant roles in the mineralization and cycling of plant nutri-
ents (Beare et al., 1997). AM fungi can generate important
changes of pH in the mycorrhizosphere, as has been detected
in various assays using in vitro culture systems (Bago and Az-
co´n-Aguilar, 1997). Root colonization by AM fungi is a dy-
namic process that may be inﬂuenced by the placement and
density of their propagules in soil (spores, infected root frag-
ments, extraradical hyphae), soil properties (soil type, fertility)
or climate type (temperature, moisture), host factors (species,
root longevity) and the fungal species (Smith and Read,
1997). AMF colonization in roots also changes across different
phenological stages of wheat (Mohammad et al., 1998;
Schalamuk et al., 2006). To deﬁne the role of AMF in agro-
ecological system, therefore, it is necessary ﬁrst to gain an
understanding of the effects of edapho-climatic conditions on
AM fungi and on the interaction of AM fungi with their host
plants which may be helpful to develop practical methods for
utilizing mycorrhizae in sustainable agriculture.
The differences in edaphic, climatic factors and host plants
among sample studies of distribution of AM fungi have been
so different that it is difﬁcult to explain the factors responsible
for distribution and abundance of a particular species (Walker
et al., 1982) though efforts are under way to construct predic-
tive models of mycorrhizal functioning. Soil properties vary
spatially and temporally, and this variation can affect plant
growth thereby complicating the management. Temporal and
spatial variability in the quantity and quality of available re-
sources are generally thought to be responsible for variations
in the distribution of soil microorganisms (He et al., 2002).
Although the seasonal variation in the diversity of mycorrhizal
communities of natural ecosystems has been studied by many
researchers (Mohammad et al., 2003; Vaidya et al., 2007) yet in
most of these studies consistent seasonal patterns of AMF
development could not be observed. Moreover, the short-term
seasonal patterns and timing of AMF development, which
could possibly give better insight into the ﬁnest interaction pat-
terns of crop and the fungi, have not been investigated thor-
oughly in the agro-ecosystems and particularly in the crops
showing less response to AMF like wheat. Consequently, it
is still unclear how AMF communities vary with different phe-
nological stages of crops considered less responsive to AMF
such as wheat. Cropping systems are very complex and may
cause qualitative and quantitative shifts in AM fungal commu-
nities and therefore inﬂuence the overall occurrence and com-
munity structure of this group of microorganisms (Trindade
et al., 2006). Although wheat is not highly dependent on
mycorrhiza (Hetrick et al., 1993) due to extensive root system
(Mosse, 1986), yet increases in wheat yield following inocula-tion with AMF have been reported (Al-Karaki et al., 1998,
2004) particularly in low-P soils (Rubio et al., 2003). On the
other hand, Hetrick et al. (1984) suspected the response of
ﬁeld-grown wheat to the AM fungal infection reasoning that
colonization occurs only for a short time and late in the sea-
son. Other researchers reported that colonization can range
from 30% to 40% within the 2 months of seeding winter wheat
(Dodd and Jeffries, 1986). According to Mohammad et al.
(1998) the winter wheat response to AM is affected by site-
speciﬁc environmental and agricultural conditions. Consider-
ing these, we investigated the short-term temporal dynamics
of AM fungi and edaphic factors under wheat agro-ecosystem
in order to better understand the patterns of response of
wheat towards AMF with respect to time and rhizosphere
properties.2. Materials and methods
2.1. Study site
Jhansi is located at an elevation of 300 m above msl and be-
tween the latitudes of 24110N–26270N and longitude of
78170E–81340E in the Bundelkhand region, Central India
(Fig. 1). The climate of the area is generally humid and the
maximum temperature ranges from 19.6 C in January to
47.2 C in the month of May. April, May and June are consid-
ered as the hottest months in the year. The maximum relative
humidity has been observed to be 95.2% during the month of
January while it is minimum (about 55.2%) during the month
of May. The wind velocity varies from 2.77 to 10.5 km h1.
The rainfall is observed maximum during the month of July
and has been recorded to be 175.2 mm and no rainfall has been
recorded during the month of December, February and
March. The evaporation has been recorded maximum during
the months of May and June (i.e. 11.7 and 10.5 mm/day,
respectively). The soils of this region are generally laterite,
red and black soils covered under the general category of Alﬁ-
sols. The wheat (Triticum aestivum var. Lok-1) growing areas
of four different villages (ﬁeld A – Pichhor; ﬁeld B – Karguan-
jee-1; ﬁeld C – Karguanjee-2; ﬁeld D – Kochha Bhawar)
around Jhansi were selected for this study (see Fig. 1).
2.2. Plant root and soil sampling
Plant roots along with rhizospheric soil (6–9 in. depth) were
collected randomly from 10 sampling points of each ﬁeld dur-
ing December 2007 to May 2008 on 5th day of every month.
The root and rhizospheric soil samples were placed in individ-
ual plastic bags and were transported to the laboratory. Before
processing, the soil samples were sieved (2 mm mesh size) and
root segments were collected from each sample.
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Figure 2 Temporal variation of soil pH of four wheat ﬁelds of
Jhansi. Error bars are SEM. Values without common letter differ
signiﬁcantly within group at LSD P 6 0.05.
Figure 1 Location map of study sites: ﬁeld A (Pichhor); ﬁeld B (Karguangee-1); ﬁeld C (Karguangee-2); ﬁeld D (Kochha Bhawar).
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Freshly collected roots of wheat were washed with tap water
for several times and cut into 1 cm pieces. These root segments
were cleared with 10% KOH solution for 10–15 min at 70 C
to remove host cytoplasm and nuclei. The roots were then
raised in water and acidiﬁed with 1% HCl for 5 min and
stained in 0.05% trypan blue (Fast clearing and Rapid staining
method, Phillips and Hayman, 1970) in lactophenol prepared
by combining 250 ml of lactic acid, 300 g of phenol, 250 ml
of glycerol and 300 ml of distilled water. Excess stain of the
roots was removed by using lactoglycerol (20 ml of lactic acid,40 ml of glycerol and 40 ml of distilled water). The stained root
segments were placed on a clean slide, covered with a cover slip
and gently pressed to observe the presence of AM fungal hy-
phae, vesicles and or arbuscules. All the infected and unin-
fected root segments were counted. Quantiﬁcation of root
colonization of AM fungi was carried out using the gridline
intersection method (Giovannetti and Mosse, 1980) and 100
segments from each sample were observed under microscope.
Spores of AM fungi were extracted from the rhizospheric
soil using wet sieving and decanting method (Gerdemann
and Nicohlson, 1963). Fifty grams of soil sample was sus-
pended in 1 l of water and passed through sieves of 45, 90,
150 and 300 lm mesh size. The residue retained in each sieve
was transferred in a beaker containing water and the process
was repeated several times. The water with its ﬂoating compo-
nents containing the spores was poured through a Whatman
No. 1 ﬁlter paper after the heavier particles had settled to
the bottom. The ﬁlter paper was spread in a Petri dish and
examined with compound microscope. The spores, which ap-
peared on the ﬁlter paper, were counted from each sieve and
the total number of spores was estimated and the values were
expressed as x number of AMF spores per 50 g of soil.
2.4. Determination of physico-chemical characteristics of soil
Soil temperature (ST) and moisture (SM) were recorded using
soil thermometer and humidity meter, respectively, every
month in the selected ﬁelds at the time of sample collection.
Soil pH was determined using digital pH meter (Systronics
335, India) in 1:4 (w/v) soil suspension. Organic carbon (OC)
Table 1 Temporal variation in AMF root colonization (ARC) and spore density (ASD) of four wheat ﬁelds of Jhansi.
Month Field A Field B Field C Field D
ARC ASD ARC ASD ARC ASD ARC ASD
December 2007 12.1 ± 0.8c 68.0 ± 2.6c 10.7 ± 0.8c 84.6 ± 2.5a 10.1 ± 0.2c 86.3 ± 2.08ab 10.4 ± 1.9c 44.6 ± 2.5c
January 2008 26.3 ± 2.4b 37.0 ± 4.5e 22.5 ± 1.6b 24.0 ± 2.0e 23.0 ± 1.6b 59.0 ± 1.7c 32.8 ± 2.1b 52.6 ± 3.05b
February 2008 42.1 ± 3.04a 53.3 ± 4.5d 37.7 ± 3.5a 29.3 ± 2.5de 36.7 ± 3.3a 21.3 ± 4.1d 52.5 ± 4.06a 33.0 ± 2.6d
March 2008 44.2 ± 4.05a 102.3 ± 4.04a 35.6 ± 3.06a 36.6 ± 5.03d 34.1 ± 3.3a 82.6 ± 2.8b 54.3 ± 4.09a 45.3 ± 1.5c
April 2008 DNR 87.3 ± 2.5b DNR 62.3 ± 2.5b DNR 106.3 ± 3.05a DNR 64.6 ± 3.05a
May 2008 DNR 84.3 ± 3.5b DNR 50.3 ± 2.08c DNR 90.3 ± 1.5a DNR 28.0 ± 1.0d
± Standard Error of Mean. Values without common letters differ signiﬁcantly at LSD P 6 0.05. DNR – Data not recorded.
Table 2 Temporal variation in soil temperature (ST) and moisture (SM) of four wheat ﬁelds of Jhansi.
Month Field A Field B Field C Field D
ST SM ST SM ST SM ST SM
December 2007 21.21 ± 0.5b 21.3 ± 0.6a 20.4 ± 0.6b 19.2 ± 0.6 b 19.4 ± 0.6b 18.2 ± 0.5a 20.4 ± 0.6b 13.6 ± 0.6a
January 2008 16.2 ± 0.3c 20.3 ± 0.6a 15.2 ± 1.12c 25.4 ± 1.2a 15.1 ± 0.5c 18.3 ± 0.3a 17.4 ± 0.6c 12.47 ± 0.1a
February 2008 16.13 ± 0.7c 18.3 ± 0.4b 16.5 ± 1.8c 16.3 ± 1.1b 15.4 ± 0.4c 14.3 ± 0.6b 17.4 ± 0.5c 10.3 ± 0.6a
March 2008 20.8 ± 0.27b 18.4 ± 0.6b 22.3 ± 0.6ab 8.54 ± 0.3c 21.04 ± 0.5b 12.2 ± 0.5b 24.4 ± 1.1b 7.34 ± 1.1b
April 2008 25.8 ± 0.88a 7.47 ± 0.9c 28.5 ± 0.6a 3.65 ± 0.3d 27.3 ± 0.5a 3.52 ± 0.7c 28.79 ± 0.8a 3.0 ± 0.3c
May 2008 28.3 ± 0.51a 7.21 ± 0.5c 25.7 ± 0.6a 3.3 ± 0.2d 29.04 ± 0.8a 2.56 ± 0.1c 28.9 ± 1.3a 2.53 ± 0.5c
± Standard Error of Mean. Values without common letters differ signiﬁcantly at LSD P 6 0.05.
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Figure 3 Temporal variation of soil organic carbon (%) of four
wheat ﬁelds of Jhansi. Error bars are SEM. Values without
common letter differ signiﬁcantly within group at LSD P 6 0.05.
250 V. Panwar et al.was determined by the method of Walkley and Black (1934)
using 1 N potassium dichromate and back titrated with
0.5 N ferrous ammonium sulphate solution. Available phos-
phorus (Olsen’s P) in soil was estimated by chlorostannus-re-
duced molybdophosphoric blue colour method by extraction
with 0.5 M sodium bicarbonate for 30 min (Olsen et al.,
1954). Available potassium (K) was measured by the method
of Ghosh et al. (1983) using Flame Photometer (Mediﬂame,
Systronics, India).
2.5. Statistical analysis
The standard error of mean was calculated using standard pro-
cedure. Analysis of variance (ANOVA) and LSD test were car-
ried out according to Misra and Misra (1983) to detect
differences between group means when the ANOVA indicated
signiﬁcant time effects. In all procedures, probabilities less
than 0.05 were considered to indicate statistical signiﬁcance.
Accordingly, signiﬁcant increase over control has been marked
in the tables. Pearson’s correlation analysis was carried out
using Microsoft Excel 2007 program.
3. Results
3.1. AMF root colonization and the spore density in rhizosphere
Monthly data on temporal variation (December 2007–May
2008) in AMF root colonization (ARC) and the spore density
(ASD) of four wheat ﬁelds of Jhansi are presented in Table 1.
ARC in the ﬁrst month ranged from 10.1% to 12.1% in the
four wheat ﬁelds studied. The ARC increased with the crop
maturation and the largest values were recorded during March
2008. During the second and third month, almost twofoldincrease in the ARC was registered in comparison to the pre-
vious months. However, the values of ARC recorded in third
and fourth month were not signiﬁcantly different (LSD
P 6 0.05) from each other. The maximum ARC (54.3%) at
crop maturation was recorded in the ﬁeld D while minimum
(34.1%) in the ﬁeld C (Table 1).
ASD in the ﬁrst month ranged from 44.6 to 86.3/50 g of soil
in the four wheat ﬁelds studied. Maximum ASD during the
ﬁrst month was observed in the ﬁeld C while minimum in
the ﬁeld D. During second month, the ASD decreased signiﬁ-
cantly from the previous month but increased signiﬁcantly in
the subsequent month in the ﬁelds A and B. In the ﬁeld C,
the ASD decreased signiﬁcantly from the previous months till
third month. In the ﬁeld D, the ASD increased signiﬁcantly in
second month but decreased in the subsequent month. In ﬁeld
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Figure 4 Temporal variation of soil Olsen’s P (mg kg1) of four
wheat ﬁelds of Jhansi. Error bars are SEM. Values without
common letter differ signiﬁcantly within group at LSD P 6 0.05.
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Figure 5 Temporal variation of soil available K (mg kg1) of
four wheat ﬁelds of Jhansi. Error bars are SEM. Values without
common letter differ signiﬁcantly within group at LSD P 6 0.05.
Short-term temporal variation in sporulation dynamics of arbuscular mycorrhizal (AM) fungi 251A, ASD decreased in 5th and 6th months from the previous
month. However, the values of ASD of ﬁelds A and C in 5th
and 6th months were not signiﬁcantly different from each
other. Variation in ASD from 4th to 6th months followed
same pattern in ﬁelds B and D showing statistically signiﬁcant
increase during 5th month and decrease during subsequent
month (Table 1). Overall, there was 23.97% and 4.63% net in-
crease in ASD of the ﬁelds A and C, respectively, during the
6th month when compared with the sporulation status of the
1st month. On the other hand, there was 40.54% and
46.18% net decrease in ASD of the ﬁelds B and D, respec-Table 3 Pearson’s correlation coefﬁcient between the AMF spore de
wheat ﬁelds.
SD · ST SD · SM SD · pH
Field A 0.698 0.493 0.852
Sig. (2-tailed) 0.123 0.321 0.031
Field B 0.518 0.232 0.345
Sig. (2-tailed) 0.293 0.659 0.503
Field C 0.789 0.538 0.637
Sig. (2-tailed) 0.062 0.271 0.174
Field D 0.112 0.002 0.521
Sig. (2-tailed) 0.833 0.997 0.289
SM – Soil moisture; OC – organic carbon.
* Signiﬁcant (P 6 0.05).tively, during the 6th month in comparison to the sporulation
status of the 1st month.
3.2. Temporal variation in soil characteristics
Almost similar pattern in the variation in temperature of the
rhizospheric soil was observed exhibiting statistically signiﬁ-
cant decrease during the 2nd month and increase in the subse-
quent months (Table 2). However, 2nd to 3rd months and 5th
to 6th months registered no statistically signiﬁcant change in
the soil temperature. Soil moisture was not signiﬁcantly differ-
ent in 1st to 2nd month, 3rd to 4th month and 5th to 6th month
in the ﬁelds A and C. In general, soil moisture decreased with
time considerably during the studied period in the ﬁelds A, C
and D. In contrast, in ﬁeld B, it increased signiﬁcantly during
the 2nd month and decreased subsequently till the last sam-
pling month. Rhizospheric soil temperature and moisture dur-
ing the ﬁrst sampling month ranged from 19.4 to 21.21 C and
13.6% to 21.3%, respectively, with maximum values recorded
for the ﬁeld A. Minimum values of soil temperature and mois-
ture during the 1st sampling month were recorded in ﬁelds C
and D, respectively. During the last sampling month, ranges
of soil temperature and moisture were 25.7 C (ﬁeld B)–
29.04 C (ﬁeld C) and 2.53% (ﬁeld D)–7.21% (ﬁeld A), respec-
tively (Table 2).
Soil pH of all the four sites studied varied signiﬁcantly with
time, nevertheless, a speciﬁc pattern common to all ﬁelds could
not be established. In general, pH was initially less in majority
of the ﬁelds and increased subsequently. However as the crop
matured it decreased slightly (Fig. 2). OC in the soil, on the
other hand, was very high during the sampling months Decem-
ber 2008 to February 2009, but decreased signiﬁcantly during
the ensuing months (Fig. 3). Maximum values of OC were re-
corded during January–February 2008 in the ﬁelds. Overall,
the OC ranged from 0.56% to 1.04% in ﬁeld A, 0.37% to
0.79% in ﬁeld B, 0.45% to 0.89% in ﬁeld C and from 0.37%
to 0.97% in ﬁeld D. The pattern of temporal variation in avail-
able P in soil was just reverse of that observed for AMF spore
density. Available P increased signiﬁcantly with the crop mat-
uration till 2nd and 3rd sampling months, afterwards it de-
creased (Fig. 4). Maximum values of available P were
recorded during February 2008 in ﬁelds A (15.94 mg kg1),
C (22.55 mg kg1) and D (16.55 mg kg1) while in case of ﬁeld
B it was maximum (16.55 mg kg1) during January 2008.nsity (SD) and soil characteristics of the rhizospheric soil of four
SD · OC SD · Av. P SD · Av. K
* 0.914* 0.890* 0.666
0.011 0.018 0.148
0.432 0.566 0.590
0.393 0.242 0.218
0.678 0.893* 0.824*
0.139 0.017 0.044
0.337 0.252 0.210
0.514 0.63 0.69
252 V. Panwar et al.Ranges of available K in the soil of four ﬁelds during the stud-
ied period were 76.43–115.80 mg kg1 in ﬁeld A, 72.68–
106.55 mg kg1 in ﬁeld B, 89.31–105.72 mg kg1 in ﬁeld C
and 70.34–139.05 mg kg1 in ﬁeld D. Maximum values of
available K were recorded in January 2008 in ﬁelds A, B and
in C while in the ﬁeld D it was in February 2008. On the other
hand, minimum available K was observed during the ﬁrst sam-
pling month in ﬁelds A and D. Whereas, in case of ﬁelds B and
C, the minimum available K was recorded during the last and
the 4th sampling month, respectively. Overall, available K did
not follow any speciﬁc pattern of temporal variation in studied
sites (Fig. 5).
3.3. Correlation of AMF sporulation with the soil characteristics
Pearson’s coefﬁcient calculated for correlating the AMF spore
density with soil characteristics of the rhizosphere of four sites
has been depicted in Table 3. In the ﬁeld A, statistically signif-
icant negative correlation of the SD with pH, OC and available
P was observed. In the ﬁelds B and D, the correlation between
SD and SM, pH, OC and available P was also negative but sta-
tistically non-signiﬁcant. On the other hand, there was statisti-
cally signiﬁcant and positive correlation between available P
and SD of the ﬁeld C. In all the four ﬁelds studied, the ST cor-
related positively with SD but in a statistically non-signiﬁcant
manner. In addition, available K correlated with SD negatively
but it was statistically signiﬁcant only in the case of the ﬁeld C
(Table 3).4. Discussion
4.1. AMF root colonization and the spore density in rhizosphere
Temporal changes in AMF colonization have been studied in
several plant species (Muthukumar and Udaiyan, 2002),
although most of these studies have failed to ﬁnd consistent
seasonal patterns of AMF colonization. Colonization of win-
ter wheat is generally not observed until spring (Hetrick
et al., 1984). However, other researchers observed that coloni-
zation can range from 1% to 40% within the 2 months of seed-
ing winter wheat (Dodd and Jeffries, 1986). Somewhat similar
to these reports, in the present study also, AMF root coloniza-
tion during the ﬁrst month ranged from 10.1% to 12.1% in the
four wheat ﬁelds which increased to almost two- to threefold
after 2 months. Winter wheat has an extensive root system,
which makes it generally less responsive to AM (Mosse,
1986). In the current study, however, maximum AMF root col-
onization recorded was 54.3% indicating that AMF can be
very important even in case of wheat, particularly in low-P
soils. Kumar (1992) conﬁrmed the abundance of AMF coloni-
zation in roots of wheat plants and spore population in their
rhizospheric soils with colonization index reaching to it highest
95.9% in certain cases. In the two out of the four ﬁelds studied,
the AMF spore density increased with the increase in soil tem-
perature. Somewhat similar to it, a study by Panwar and
Tarafdar (2006) also reported that spore densities peaked dur-
ing summer and reached minimal values during rainy season.
Absence of this type of pattern in remaining two ﬁelds sug-
gested that AMF spore density may be affected by the loca-
tion. Mycorrhizal communities are site speciﬁc and each
AMF species can be affected in several ways by different agri-cultural management practices, so generalization is difﬁcult
(Schalamuk et al., 2006). It also suggests that site-speciﬁc envi-
ronmental and agricultural conditions can affect the degree of
wheat response to AMF. AMF communities inhabiting differ-
ently managed agroecosystems exhibit temporal sporulation
patterns reﬂecting the agricultural disturbances imposed by
the farming practices (Oehl et al., 2009). During fallow times
we observed an increase of AMF spore density in at least three
ﬁelds when compared with early stages of crop phenology.
4.2. Temporal variation in soil characteristics and correlation
matrices
Maximum AMF colonization occurred when the ST and SM
ranged between 15.4 and 24.4 C and 7.34% and 18.4%,
respectively. Corroborating these ﬁndings, enhanced AM colo-
nization by Glomus intraradices of spring wheat was observed
5 weeks after planting at the six- to eight-leaf stage under ideal
temperature (22 C) and moisture conditions in a growth
chamber experiment (Mohammad et al., 1995). However,
our results are in contrast with those observed by Hetrick
et al. (1984) who reported that AMF infection in wheat was
7.8% at 25 C. In this study, the optimum soil temperature
range wherein the maximum AMF spore density recorded
was 20.80–28.79 C. As regards other abiotic attributes of
the rhizospheric soil, altogether, the maximum AMF coloniza-
tion was observed during February–March 2008 with the pH
ranging from 6.9 to 7.6, OC (%) ranging from 0.60 to 1.01,
available P (mg kg1) ranging from 9.3 to 26.16 and available
K (mg kg1) ranging from 103.2 to 161.3. Whereas, maximum
AMF sporulation was encountered during March–April 2008
with the pH ranging from 6.8 to 7.3, OC (%) ranging from
0.37 to 0.89, available P (mg kg1) ranging from 9.16 to
18.76 and available K (mg kg1) ranging from 85.0 to 115.6.
Although AMF are sensitive to environment (Mosse et al.,
1982), some individual species are very widely distributed
and can tolerate different environmental conditions (Stahl
and Christensen, 1991) due to variable phenotypic plasticity
among populations. Nevertheless, such a wide range also mer-
its further investigation on optimum edaphic variables for spe-
ciﬁc AMF establishment by designing more detailed and
speciﬁc experiments to be able to get precise conclusions.
In our study, statistically signiﬁcant negative correlation of
the SD with pH, OC and available P was observed in the ﬁeld
A. In contrast to this, Mohammad et al. (2003) reported a very
weak and signiﬁcantly positive correlation of AMF spore den-
sities with the soil pH and with the organic matter respectively
in a semi-arid agro-ecosystem of North Jordan. Further eval-
uation of the relationship between the AMF sporulation and
soil available P in four study sites indicated that the relation-
ship was negative in all the cases but statistically signiﬁcant
in the two ﬁelds (A and C) only. The negative correlation be-
tween AMF sporulation and soil P has been noticed by other
researchers also (Mohammad et al., 2003; Panwar and Taraf-
dar, 2006). Soil K is usually reported to have a stimulatory ef-
fect on AMF attributes (Ouimet et al., 1996), and a minimum
soil K has been suggested to be a prerequisite for AM coloni-
zation in some plant species (Ouimet et al., 1996). On the other
hand, in the present study, negative correlation between soil K
and AMF sporulation was registered in all the study sites with
statistically signiﬁcation relation in only one ﬁeld. Somewhat
similar to our ﬁndings Oliveira and Oliveira (2010) also did
Short-term temporal variation in sporulation dynamics of arbuscular mycorrhizal (AM) fungi 253not ﬁnd positive correlation between AMF colonization and
soil K while studying inﬂuence of edapho-climatic factors on
the sporulation and colonization of arbuscular mycorrhizal
fungi in two Amazonian native fruit species.
5. Conclusion
The objective of this study was to investigate the short-term
temporal variation in the arbuscular mycorrhizal fungal spor-
ulation dynamics and physico-chemical edaphic properties of
wheat growing area of central India. More than 50% AMF
root colonization recorded in the present investigation indi-
cated that AMF strategies can be very important for improve-
ment of plant growth even in case of wheat, particularly in
low-P soils. In addition, season and location signiﬁcantly af-
fected the interaction of AM fungi with winter wheat necessi-
tating the further need to understand the ecology of AMF
populations with reference to speciﬁc host species under differ-
ent micro-climatic conditions of Bundelkhand region (Central
India). This would also enable the selection of appropriate
AMF species, or their combinations, which could be utilized
in the survival and productivity of wheat crop in the nutri-
ent-poor soils of the region.Acknowledgements
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